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ABSTfli\i.T 


In the present worJ:, a airaulotton nodel i'o;r design 
<:md evaluation of nchedullrifr stratefles for Oil 11-3 has been 
developed* '%© model implementation has been '.lone? on hl>»500 
system* 


The Ff‘1‘5 **'Otielled in this viork oonslsta of several 
work stations, et-ch with its owii input and output buffer# 
of limited capacity* There is a central buffer of ample 
capacity to store semi-finished ;5obs* There ic a loadii^ 
station with its own buffer of sufficient capacity caid an. 
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operation selection, machine selectloixt machine j.oadlnr etc* 
Priority has been established to cor-ts’c-X mov'ooc'nt and alloca- 
tion of carts and robots, for ’better systc-*.! E'or 

the TiU'rpos*? of ev.slnation of the syateij perfozTJiii'ice, perfoi"^ 
oance criteria based on syste.'^ productivity ay stem 

utilisation is chosen* 

the package developed in this work provides si'iijoation 
of material flow in the system durlirv:' sirau3.atfon* ‘fhe termi- 
nal features of Tektronix 4107/4109 has been utilised for this 
purpose* 

Several experimental runs were deslgnod c.md conducted 
to validate the model* The ej^ertraento were h.ald for various 
scheduling’ strategies, \ifith v.'.riaticns systoni cor:.tl£uration* 
‘The output from these experiments demonstrate t»';© influence 
of physical sub-system and logic aub-aystem on the perfonaance 
of an FMS* 

Overall, the simulator can be used to stoulete various 
design alternatives €*?>, number of nuchiniitr: .:;entres, number 
of carts, number of robots etc, Tlie schedulinc naes provided 
in t3ie simulator ctm be used to evaluate the effectiveness of 
scheduling strategies in production control and to simulate 
what if scenarios in actual operation of K'S, 


ua-iPTER I 

lETROBliCTlOIi 

The fundamental Inputs to a manufacturing i^sten are a 
inter-related mix of men, material, f../Cllities, ooliiods and 
information* The relative Importance of each of these ingredients 
has under gone considerable changes representing; varyinc; states 
of technolOj'Ty, ®ie present trend is towards autenation of 
manufacturing syst®is to improve upon the system productivity* 

The hc; and CIC machines were the earliest efforts in the develop- 
ment of automation concepts. Also there have been various kinds 
of material handling systems e,g. conveyors, robots, i^GVs etc, 
with the development in technology* The concepts of automation 
has received a boost with the developments in coiaputer techiwlogy* 
Oue to the capacity of computers to process large quantity of 
information, it has been possible. to organise the activities of 
a manufacturing system with little or no interference, A Flexible 
■Manufactixrini-; System (FI'^S) is the result of suKdi. integration of 
all these developmeits into a system v/hich is more flexible and 
productive, 

1.1 IhTROBUCTIOR TO MS COICEPTSs 

An FMS may be defined as a system with a high level of 
distributed data processing and automated material flow using 
computer controlled machines, asswbly cells ^ etc, together with 
computer integrated material handling and storage systems. 
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Generally an FMS combines the benefit of a liigi'^y productive, 
font inflexifole tamnsfer line and a flexible but. inefficient 
^ob shop* Ml FM:5 basically incor;30ratea individual automation 
concepts in a single production system* These ara broujfjht under 
computer control. In aii ideal situation, such a ayotea is capa- 
ble of meetin^t any variations in product desicii, product irolume. 
Such a system also works efficiently under diaturbaxiecs like 
machine tool or transportation device break dowi* Schedtflinir 
in an WS enviroroent is dynusaic and decisions oi^e talcen in 
real time. 

1.2 FLEXIBILITY Ii; FKSs 

The key aspect of an MS is not the degree of automation 
it incorporates but its ability to adopt to chai'igoo. Though 
typical WHSb are highly automated, it is their ability to a<k>pt 
to uipredlctable and changing conditions \^hich oa es them 
flexible* 

Though an FI4d, in an ideal situttion, should be ab3e to 
produce a part irresp^tive of its processing and their 

sequence, in practice flexibility in H4S is a relative tern* 

Generally an MS offers the flexibility of the follov/ing 

types* 

(i) Process Flexibility* This refers to the ability to choose 
an operation or a aequenc© of operations in more thm one way* 

This also inclines flexibility due to different routingSf 
taachine redundancy, tool redmidancy etc# 



(ii) Prograia Flexibility s This refers to the ability of the 
system to run virtually umaamied throu^jii a sl'iift# This is 
possible to achieve ■»,vhen better sensors and coEFsuter controls 
are developed to take care of emergencies such as tool breakage, 
part congestion etc. This is enhanced yith better understandinfe; 
and knov/ledge of the system and the decree to viiich plans to 
take care of emergencies have been prepared, 

(iii) Product Flexibility* FM3 Is designed foi* low production 
volumes of few types of products initially, and now machines are 
added as demand increases, llse product flexibility refers to the 
total incremental value of new products that coia be produced 
with^ _in the system for a defined cost of new fisstures, tools 

and part programs, 

Piefsent day FriSs provide rather limited ps'oduct flexibility, 
relatively better process flexibility and program ilekibility 
l,e, they can produce a limited number of part types^». have ability 
to reroiite the parts and provide alternative operations at some 
stag®, 

1,3 TREf© IN FM3* 

Flexible manufacturing systems in general, can be classified 
into the following two types* 

(i) Dedicated MS 
(li) f^andom F'HS 

Dedicated MSs are such systwis which have been designed 
to produce relatively «aii variety of product types idfilch are 
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at Fauncs Kotor i'-tenufacturin?;; DivisioB, Japan 
This systsfsi can pixjduce a V5.triety of components Buch as ac and 
dc motors* pumps* cos^reasors etc. 

Majority of WSs at present are limited to macbining 
operations only* Thus i’MS exists as a part of a la 2 :|‘;e maniafactur- 
ing system. But efforts have been made to intei;rate oachlnii:^^, 
welding and assembly operations into a sinc^Ie K’^fciuch a system 
is in operation at Yamasaki. Japan, 

1,4 FMS BESIGiM fOOLSl 


!^ile considering the design of an FI4S it Is i^proprial* 
to consider Ff'IS in two parts* 

(i) Physical Subsystemi This consists of machine tools, materials 
handling equipment, buffers etc, 

Cii) Control Subsystem* This forms the logic part of the system 
governing the operation of the physical subsystem. This consists 
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of rules about the introduction of parts into tiae syaten^ assigi">- 
ment of machines to ^obs» routing of parts, elx# 

The tvfo subsystems are inter-related and tl:ie total system 
peiKfotwance is dependent on both the subsystems and hence must 
be considered in combination for FAS design. 

'rfith this in view the tools for FAS study ca^i be divided 
into ti® divisions. 

1. imalytical Tools® 'Ihese are used in the preli::.’inary desi^'n 
stage. The ob^Jectives here, are to arrive at mi initial confi- 
guration of the fi^^stem, to detemine the components of the 
physical subsystem. Each of these components cai: be modelled 
separately and approximate solutions can be obtulned. The con- 
cepts of linear programming and queuing theory have been found 
useful here, 

2» Simulation Tools® To develop an appropriate and cost effec- 
tive R4S are needs a design and planning tool that can consider 
the dynamic behaviour of the system, liere simulation has been 
found very useful . It allows one to describe mi K-IS design, 
and predict its performance without actually building the phy- 
sical system* Variety of simulation tools are avuilable and 
are used at different stages of design, 

(i) Queuing Network Models* th%m are based on the stan<terd 
queuing network theory and provide initial insight to the system 
performance. 

Cil) Oenerallaed Simulation Wodmlt They are u«,d for both design 
and operating stages of an FMS, This proves very useful in case 
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of noj’i^sfei.idy stiotJ© problorss wbsr© analytiical ■boe.i'-.iiiQues tii*© 
ifs^roctical. 

(iii) Process Siraiaation or Emulation Models :iere tlie model 
nms into wry sreat detail and provides detailed insicdit 
into the problem. 

It must be mentioned here that with tiie developments in 
computer graphics techniques, simulation tools are accompanied 
in most cases by graphics animation of material flo**# in the 
systfiffii* Also tile output of simulation presented ^graphically 
greatly enhances the un^^ratandiii^i of the system* 

The present wrk uses simulation technique Ibr the studfer 
of FKd, The nert section presents the basic concepts of 
simulation. 

1.^.1 Simulationt A Tool in I^sign and Opera tion .of FllSs..> 

Simulation, t*ich starts- 1 as a post laarten tool to 
analyse the weakness of existing systems, of late has been 
widely used for the analysis of complex situations in industry 
and elae^aere. With the developaients in flexible automation 
it has become acre popular, 

Siaulaticn is a convenient tool to dO'seribe lx>th physical 
and control subsysteias of Ff43, lienee the svsbem bebavfor 
can be predicted and axialysed very easily. It offers the follow- 
ing advantages. 

Cl) To study the effect of variations in system pareaeters, m 

the planning stage. 



(ii) 

(ilii 

(iv) 
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To evaluate control strategies £ifid. operati--;.; 2‘iiles. 

To study system behaviour under distui’hance. 

To detect bottle-neck coiiditions and develo;:) corrective 
strategies during operation. 

Another advttiita|''e is tJiat when used witii grui'^-iics ariiraa- 
tion, v;orl;in,:r of v^-rious design alternatives be displayed* 

Thus simulation provides comprehensive opportunity for 
the integration of design, planniiig and control fuiictioiis, arid 
is critical to the successful iiaplementation of R'ld, 



CHAPTER II 


LITERATUEi". 3U;iVE.Y Aiv'D GBJECTr/E3 OF Ttffi H-iESlliE imim 


2.1 LITEFO^ITURE SUF^VEYs 

Sjyniuiltitlon study of manufacturifig systems has been one 
of the areas that has received v/ide attention, 'ihere are a 
nuaber of models that have been developed to study the different 
aspects of FMS* Heisce they differ in the characterisation of 
the model, performance measures chosen, and tlie results pre- 
sented, They differ in the capabilities of the raodel to handle 
various situations arising in an FMS environment. Some of 
these models are reviewed here, 

G, Adner, G,A,H, Masus and C,G, ‘wikholn (1984) have 
developed a simulation model to study effect of layouts on 
systems performance. This model is capable of hmdling variable 
buffer sites, msHChine tool break dOTO, tool changing etc, Ilowever, 
this raodel can take care of production lines only. It fails in 
case \i^en unrestricted flow of components ejeist between machines* 

A raodel for HIS simulation developed by R# I'-Ianuelli and 
G, c.iiiducci (1984) considers MS as made-up of physical cos^o- 
nents (i,e, machine tools) and logical components (i,e, queues 
at wrk station, statistics of the system). This model treats 
MS as a closed system i,e, the mimber of palXetq/parts in the 
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3yat«3 is constant snd every finished jtwork piece is replaced 
by another work piece# ihe queue sanageraent in tl'iis system 
is by FIFO rule oxaly* 

Another aspect that has been investigated Is the beha- 
viour of the system under disturbances# i'ehrtul and Portman (1965) 
have .^itudied this aspect of H^S# Ihey studie?;! problem 
using both analytical techniques and simulation techniques# 

Ihe results from tiieir study show that tlie re^ult^ from 'tlie 
two methods differ greatly# 

A simulation model for the purpose of development of 
control algorittejs has been modelled by Z# .ifioulgari and 
H#D# Hibberd (1984), Ifeis model consists of mvii stations# 
todividual buffers# central buffer cum loadiii^yudloadini? star 
tion and palletised conveyor syst^# Howver ti-'iis model does 
not consider non stetidy state probleo like aacisine bx'eaii: dD\«i* 

In an another work by K# Iwata et al (1984)# they have 
developed a versatile model for FHS# iliis model considers MS 
as consisting of work stations conveyorsf warehouse# digs ®hd 
fixtin*es# This model provides graphics aaiiaation of oeterial flow 
in addition ’to numerical output of the system# Xn ai^; earlier work 
k# Iwata et al (1982) considered production schedullag problem 
in FM3 using simulation# lii this wori., a simutaC^on ■■model was used to 
develop scheduiiag rules for MS# 
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Aithonfh simul^j-tion has heen .used widely fur* the study of 
FM3, it is only recently that anination has been Included to 
st^port the output of simulation* Animation of oatorial 
supplemented by other graphical outputs such as I'iist0t;;rar3s» 
charts etc, develop a better understanding of the i^"stem* 

2*2 OBJECTIVES OF TIE PHESEKT mmit 

Simulation is an oftenly used tool for design evaluation 
and operational control of 51^3. Ihis is^oses ti-iO ir^ortant 
requirements on the simulation model* One is tlzut it should 
be able to handle a variety of configurations of I'i-IC, Another 
is that it should provide alternative strategies for control of 
FF.S, Also the simulation results are better u»Ierstoodp If it 
is possible to visualise the working of the syoteD. The present 
work is an attempt in this direction. 

The objectives of this work can be listed as belowt 

Ci) Model a flexible manufacturihg system, 

(ii) Provide a number of scheduling rules for operational 
control* 

Ciii) Ic^lement the model in an interactive ■ user friendly 
environment. 

(iv) Provide the visual representation of the \v-orl:ing of 
the model through animation* 

Civ) Design performance criteria to evaluate the system per- 
formance and si^pleaent the numerical outp'Ut with 
-iistograms and bar charts* 
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2.3 Ori0i-ciISA'riwII 0? 3iE TJIESlSi 

'"he ori'anisiitloji of tiiis work is as folloi.v'C. 

1 x 1 i'-hspter IXI» Hie development of the ajodel 

has been described* Here the process of deveiopneiit has been 
dealt tx^ several sections, describitig the chaiwtcrisa'tion of 
the aodel, assiaiptions involved and control strategies adopted, 
'Ihis chapter also presents the perforacmce crites’ia chosen and 
event description. 

In Chapter IV, the itaplecentatioii ejects have been 
defilt in detail, This describes the simulator as several 
modules and their functions towards tiie »«rklng of the model. 

'ihe next chapter » (Chapter V) deals wiHi ^stem vaXida?- 
tlon, Here the system const^red for experimentation is des- 
cribed and then various experiments have been mentioned, The 
resiidts of these experiments have given in the ncbct section 
along with output analysis. 

The last chapter (Chapter VI) presents the comluaiona 
arrived through this worki aM gives suggestions for further 
development. 

Appendix A gives sas^l® out }xlt of a; simalation ran. 

Appendix B provides a user*s manual, in wiiidb working 
details about the simulator has been giimn* 



CHAPTER III 


DEVELOP!®^! OF SIMULATION f-lODEL 

Model building for simulation is a continuous px^ocess, 

A model represents the real situation in an abstract way. To 
develop a model, it is necessary to start with certain assianp- 
tions lirniting che scope and extent cf the raodol* During the 
process of experiments, the results obtained c.di to the infor- 
mation, thus leading to the refinement of the model. During 
this process some assumptions may be removed and some others 
modified. It may also be necessary to add some more assumptions. 
An understanding of the assumptions play a vital role in the 
interpretation of results. Also the availability of data has 
a constraint on the model and the reliability of its results. 

This chapter presents the description of the system 
being modelled in the present work, with associated assumptions. 
Further control logic used in the operation of tlrxe system is 
also being dealt in this chapter. Lastly the perfonaance 
measures used for evaluation of the model are described, 

3.1 SYSTEM DEXRIPTION* 

The model considers MS as consisting of the following 


components 
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I 5t-atloi:a vith ind^.-'/idual input and output buffers, 

.) central buffer' 

.i) One loadin;:; sta'cio*.. an-a an unloading; statior.# 

r) Material handling systea consisting-; of conveyor and robots. 

are 

llie attributes of these cotaponent ' mentioned below? 

^ 'i*ork Station* inis defines tiie place \#here oa:'.\ufacturin|: 
livities are mder taken, Ihese could be locations for 
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the syst©?!} throv^h the loadiis!? station v/hlch is aso-ocl-^ted witii 
a loading; buffer of latge capf^city. "^iHoBdixig stutlczi is the 
place from where finished parts are talien away as soon as they 
are unloaded at this stc.vtion* 

4 scheoatic reps^^sentatlxjn of a typical derived from 
the above description is aliown iii Fig. 1* 'ifce Gysteci consists 
of six worii stations (M) aloiig v/itii individual (I) and 

output (0) buffers. Conveyor ays'fcein which is two trach, bi- 
directional ( -> ■^) forsts the raateriai handlini;; cys“i«vi along with 
t\fQ robots (--v)* llie oysteis hag a loadirif; statiov", {!■} and mi 
uhioading station (U), A. cental b>jff©r iu riooated Gidway 

in the system, 

3.2 ASSUfP'nOi-ISi 

ihe following assumptions further characterise the model. 
!2hia covers the behaviour of the csoe^onents of tlie system and 
also the parts processed in it* 'Swy 

a) tferk Station 

a.l) Each woy4c station is self-sufficient i.e* they ai^ provided 
with tool magazines of . sufficient capacity and tools required ' 
are loewied on to them. Tool changing occurs autoaatically and 
requires negligihle time. It is also implied here that tool 
tran.spO'rtstlon is not considered In tlie operation of ‘teh© model. 

a,2) It is possible that some of the operations can be done at. 
moT9' than one work stattons.. Operation time rtoains the mm at 
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Fig. 1 Schematic layout of an FMS. 
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c,2) %e total iiuHiber of operations per part type is the sum 
of the all possible operations, \irhile the actual r.urnber of 
operations completed ois any part is £ total mjaber of operations# 
c*3) ^ part once loaded on to a \vork station oust complete 

its operation before it cun be unloaded i#e, preemption is not 
allowed# 

c*4) Parts aiTive in a random laanner with a kiiovm distribution 
of inter arrival tiros. 

d) Parts and Work Station 

d*l) There is negligible set-up time involved between two ccmr 
secutiv® parts being worked on a machine, it cein be included in 
the operation time of that the operation* 

d*2) Change in machine assigiasent to a part is not possible, 
once it is assigned and transported to a particular Mork station# 
iiowever in case of exception like machine break down, it is 
possible to assign and transport the part to alternative work 
stations if available* 

3.3 COliTROL STR4miIESl 

The performance of a simulation model and also of actual 
MS depends very greatly on the control strategies used in its 
operation* Hence a number of control strategies have been 
incorporated in the model to be applied at various decision 
ixjlnta*. These strategies can be groifjed into four sections as 
follows. 
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(i) iJ-ules for scheduling of parts for isachiiic loading, 
transportation* 

(ii) Strategy for selection of successive operation* 

(iii) Strategy for machine selection for an operation , and 

(iv) Strategy for control of movement and allocation of 
transportation devices* 

3. 3*1 Rules for Scheduling s 

The following are the types of decisions to be taken 
\diile schedialings 

(1) Introduction of parts into the systen* 

(ii) Selection of Jobs for machining* 

(ill) Selection of Jobs for transportation* 

Following simple and often used schedUlincrs^ules have 
been incorporated in this model to aid in decision mcdiing in the 
above environments* 

(i) First come first served (ftiFS)! By applylig this rule a 
Job 'tatiich arrives at first to the decision point is chosen* 

(11) Saerteat Inraiaent process time (3IQT)i liere a Job ihose 
ifiwinent operation time is the least# is selected* 

(iii) (Absolute) Sboptest* remaining process tiia© (ASliPT)! By 
this rule, a Job idiich has the leait remaining processing time 
is sel'Ccted* 

(iv) (Fractional) aortest remaining process time (FSEPt)! This 
selects a Job having least remaining processing tiae as a fraction 
of total processii^ time* 
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C'v) Earliest due dat«? (Ellj)t IMa rule selects a ^ob whose 
due date Is nearest, 

(vi) Least slack ttee (LST)i This rule selects a ;^oh which has the 
hii'^^hest urgency, 

(vii) , longest cuauOLative waiting! time (LC:»T)s By applying this 
ru2,e a ;5ob which has highest value of occunulatcd taiting time- 
is selected, 

whenever applyirig any of these siilea a tift# aay occur, 
is 

this either broken arbitrarily or a hierarchy of rv.3,es may be 
established for the purpose, 

3*3*? Strategy for Selection of Successive Ooeration t 

This is aiiother decision point which arises owing to the 
process Ilexibllity characteristic of FKS, 

Here when there is no alternative for next operation to be 
performed on Idle ^ob, the next operation is selected autoiaatically, 
however the strategy adopted for Mie selection of subsequent 
operation In case alternative exists is outlined ^ as follows i 

(i) Under norml operating conditions, wheim. laltematives' 
exist;: for subseqixsnt operation that operation wMch gives the 
mlniBiim remaining process time is selected. 

In the case of a tie, that operation which could be 
completed earliest (after checking machine assigment), is 
selected* 
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(ii) lii case of exception like laachine break doini, hihe subse~ 
qi^nt operation is so chosen that, the sequence that follows 
does not require the service of breal; dmm machine# In case 
the check fails for both the alternatives then -iiiat open^tion 
vihose machine requirement is not the saae as brcai: down machJjie 
is chosen* In case oi' a tie, strategy (i) is usc4 fox* selection 
of operation, 

3,3*5 Strategy for Machine Selection ! 

Ihia is a very ia^rtant issue in an Rll .as it provides 
tiltematlves for machining centres* To resolve tiie issue in the 
event of alternatives the following strategy is alopted* 

(i) Select the machining centre* 

(il) Apply the achedtding , rule that is being used for machine 
loading,, to determine time required before the ^ob being, considered 
is loflded, 

(iii) Repeat the step (i) and (ii) for all alternative machinir® 
centres* 

(Iv) Select the machining centre where the ^Job can be loaded 
earliest* 

(v) In case of tie ynile comparing the alternatives, resolvs 
the tie using the following riles in that order* 

(a) Select the machine which is nearest to the present 
location* 

Cb) Select the machine ythom cumulative buoy time is the 
least* 
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(c) Select the first machinini;; centre* 

3*3*4 Stratefcy foa? the Control of ^^veaent and iUlocation pt 

‘fhe followinc heuristic rules have been used to control 
the flow of parts in ttie system, 

(i) A part is to be transported from loading; buffer only 
■when there is a vacant la^ace at the input buffer of the required 
woiii station* 

Cii) A 40 b is to be transported from the output buffer of 
one wort? station to the input buffer of its next "yjoiis: sta'tion as 
early as possible# 

(iii) If the input buffer of a worlc sta-tion is full when a loadted cart 
arrives* it is to be taken to the nearest central buffer if it 
is present, othen-zise the cart waits at the woris station for 
unloading* 

I'henever thei'e is faore than one type of transportation 
devices, the decision about their priority of utiliisation should 
be established* In the preset model transportation devices 
are utilised in the order robots and carts* 

The priority established for the control of movement 
of carts is as follows* 

( 1 ) Transport m part from the present locatioii* ■ 

(il) Move the empty cart to the nearest work stv.-tion whose 

output buffer is fifLl, 
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Move the cart to the nearest central buffer location, if 
there is a part to be transported. 

(iv) Move the cart to the loading station, if there is a part 
waiting for transportation and there is no cart stationed at 
that location, 

(v) Remain stationed at the present location, 

Hoi/ever in case of exceptions like machine break down 
cart shall have second priority to transport jobs from the 
input buffer of such a machine to alternative work stations* 

Hence the cart be moved to that work station. 

In case of transportation by robot, priority is given 
to transport a job of the highest priority from among the jobs 
in the output buffer of all work stations within its reach, 
whosa next work station also fajls with in its r’each, 

3.4 EVEk'T DESCRIPTION « 

In the model described so far, the system status changes 
at discrete variable time increments. Hence wMle simulating 
such a model, time control should be such that no details of 
the change in system status should be lost. In such cases 
discrete event simiflation with next event scheduling approach 
proves an efficient way of simxflation. In this approach there 
is no change in system status between any two consecutive events. 
The clock time of simulation and the system status are updated 
at the occurrence of each of the events occurring in the system. 



2.y 

In the uoijsl ii'as beer* levelcped, -'iio iOlZov/lng are 

the ©¥er..t3 that cause a ch^ige in the systea status, 

(i) Operation Complete* Ihe completiosi of a*i oxieixition performed 
at a work at^ation on any ^ob* 

(li) Job Arrival* Hie arrival of a ^ob for processing in the 
ay steal at the loadiit: station, 

(iii) Ca,rc a.rrivaii ihe arrival of a cart at a st-'-tion to either 
load or unload a part* 

Civ) -f^bot Arrival* This is the completiofi of trarijy^ortation 
activity? by a robot* 

(v) Break downs The occurrane® of failifre of fcJl ; station 
after whtcJri it becomes unavailable for use mtil repair completion, 

(v) i-leactivate* ihis indicates the completion of repair of liie 
break dow*i machine* Hie machine becomes available after tM® 
event. 

These are the main events that cause a clmng,e in the, system 
status. In addition to the above events, twO' more event types 
have beeii considered, Hiough these donot affect '&e simulation 
directly, they are used for graphics animation of the aioWlation 
process. They are* 

(vi) %steia Calculation* This event causes an supdate of th® 
positions of carts and robots in tiie system, 

(vii) Graphics Display* This ©vent causes display of the system 
status at that instant on the graphics screen. 
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Fig.S. Flow chart tor simulation model for FMS. 




















'•‘■be criteria used for scasuring the perfcrrxa^cc of a 
siaulatiori model iteperids on the pih-pose sii;.aiati.vu ir. used* Ihe 
ob.jective of the present raodel bein^-; development md evaluation 
of control stra,t©,.-les for F-'d itnd the need foref:hicie*rt control 
strategies is to achicvp ::igher system productivity and uti?.isa» 
tion, the .TJeagsiire of p©rforji»ance chosen is related to these 
aspects. lh«?/ arei 

(i) "^stea Productivity Report* Ihis collects data regarding 
total number of parts produced, production rate, averaif-te lateless 
per ;}ob, 

(ii) Worlc Station Utilisation Reports -IhivS coXlc-cts tiie data 
regarding the perforaance of ’^rork st-itions such as station busy 
time, idle time, number* of opertitions performed* 

(iii) ikiterials Handlioi'; System Utilisation Reports Ihis gives 
details about busy time. Idle time, total number of parts 
transported etc. by carts and refoots# 

To test^ the steady state of the mystm dyilng aiiaulatlon an 
average latneas criteria has been adopted* According to tdie' 
criteria, average lateness per dob is measured for ^jofos complet- 
ing their operations in each interval and this is compared with 
the cumulative average lateness per dob for all finished ^Jofos 
ngjto that interval# The model is said tO' have reached steady 
state when, the deviation between these two values is less than 
.a „ certain' limit* 

The next ch%ter gives details about. l0«Jl«owitatloii • of 


this ..aiodel# 



CHAPTER IV 


II€>LEi'€'..KTATIOR OF THE I40 jEL 


The nodel developed in the previous chapter has been 
implemented in Pascal* Ihis impleraentuticn includes .rraphics 
aiiimation facility* Though the implementation izi ^eneral can 
be used in Pascal environment, the animation part malieo use of 
the terminal features of Tektronisc 4107/4109 teroinals# Hiis 
chapter outlines the general features about implementation with 
some details about the working of different modules* 

4.1 SOFT ■•ARE COhFICURATIOH: 

The software configurotion of the simulator developed 
in this w)rk is smrnarised in the Figure 2* The simulator is 
composed of three sit>sy stems. l-iamely, 

(i) Data input subsystem 

(li) Execution subsystem and 

(ill) Animation and report generation subsystem 

Each of these subsystems consist of several modules which 
intum are divided into several procedures. The overall program 
of this simulator is developed in a structured manner as hieiw** 
chially as possible to facilitate flexibility easy modification 
and extension of the simulator. The details about various, 
siibsysteas Is presented in the following sections* 
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Fig. 3 Software configuration of the simulator 
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4,2 3iriULiiTl04 DiiTA BiPW: 3UBSYSTEl-it 

%is system consists of two modules, 

(i) Input iaodtile 

(ii) Layout construction d module 

4*?,1 Input Module s 

ibis module accepts data from the user about the system 
characteristics. The input can be given either interactively 
through the key board or can be read from an ij^sut file. This 
module consists of the following procedures, 

(i) Model Input (Procedure fhis procediffe accepts 

data about the components of the model such as number of woric 
stations, buffer capacity, number of carts etc, 

(ii) Part Detail (Procedure READDAT/i)t Ihis procedure takes 
details about parts that are to be produced in tlie system, Ihe 
data such as number of part types, number of operotiona required 
on the part t3irpe, sequence of operations, machirieo required,aad 
alternatives for operations •and wichlnes,lf any. are read in 
this procedure* 

4*2,2 Layout Module s 

'%ls module accepts data about the topology of the system. 
This module consists of the following procedures* 

(i) Conveyor Track Details (Procediire TRACK^DET)i This procedure 
accepts details about the tracks siKh as mimber of segments of 
the conveyor, their locations etc* Here data is checked for 
ii^iit error user is Informed e^ordlngly* 



(ii) Station Betails and Location (Procedure In 

this procedure, the following details are enquired iron the users 

(a) Station Machining centre, central buffer, loading 

statiori or unloading station, 

(b) Station location, and 

(c) Location of input and output buffers i*e* track segtaent 
by which the station is served, 

4.3 SIMULATION EXECUTION SUBSYSTEMS 

This is the Slain body of the simulator and consists 
an event module and a centrol laodule# Event oodiile is responsi- 
ble for execution of occurred event and creatLon of future 
■events, Control laodule is responsible for organising the 
events in a chrorwological order, and managini;: tl:e status 
information of the .a^stem, This also includes logic for moni- 
toring the components of the model such as machines, carts, 
robots and parts that are being processed in tlie system* 

These laodules ai^ described in the next a«Hetion, 

4*3,*1 Event Module t 

This module consists of two sections* 

. (i) Event generation section and 
(ii) Event twcecution section. 

(a) Event Generation Section* 

’■ ‘'k. 

The proc-eduses that constitute this section are .Invoked 
every time an evmit «»ecutlon occurs* This section consists of 
th.e following proceduxes* 
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(i) ‘iork Station Loading (Procedure liX'lC)# In 'uhic procedure an 
event of type operation complete is created. Lore tiie sts^tas 

of all work stations is checked and a ;3ob if present i^; the input 
buffer is loaded on to the idle aacbiue otherwise it remains 
idle. Selection of ^ofo for loading’; is done by tiie control 
module after computing the priority. 

(ii) Cart Loading (Procedure CART-PPli ) t This procedure creates 
an event of type cart arrival. Here the priority ao established 
in the section 3.3.^ is followed. In this case also selection 
of ^ob for cart loading is done by the control Mdiile. 

(ill) ftobot Loading (Procedure lU)B0^Fl^E}i ISiis deals with 
loading of robots* lliis procedure determines tiie Job to be 
loaded from among the high priority jobs that are present at 
the stations served by the robot* 

(iv) Machine Break Down Generation (Procedure * 15iis 

procedure creates an event of type break down, i^eii specified 
by the user* 

(b) Event Execution Section » 

Ifeese procedures advance the system clock csand execute 'the 
coiwsponding event. 

(i) Job Arrival (Procedure JOB^AHii)# Shis procedure signals 
the arrival of job at the loading statioh* At this stage, the 
following attributes part type, arrival time, due time are assign- 
ed to the job, Shis procedure creates another event of same type> 
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(ii) Operation tosri^letion (Procedure MC^COM): In this procedure^ 
a 4ob i/hich has coispleted its operation is unleaded and stored 
in tiHi output buffer if it is vacent* Ihe machlr;c status is 
ct>aing,ed to idle and available if tiie is uixloaded othem-/ise 
it is changed to idle and unawidable* 

(ill) Cart Arrival (Procedure CART^Jilbi) t In ti'ds -f^rQcednm 
the cart is unloaded if it is carrying a part mi<l the buffer 
is vacant* Then the cert status is changed to- avcdlable, 

- J 

otherv/ise decision la taken to send ‘the cart to Idle central 
buffer if it is a part of the system or else the cart status 
is changed to waiting* 

(iv) Hobot Arrival (Procedure ROBq^F’IPISl) i IMs procedure 
deals with the tron^ortation by a robot and it wilrs in the 
same way as in ©art arrival, 

(v) Machine Break Down (Procedure HC^BRK^DK)t ‘Xhls procedure is 
invoked when a break down event occurs. Here the user specifies 
whether the alternative igotk. stationa can be arranged and those 
changes in the machine assigraaent to part types is done here, 

IMs also creates an event of type machine repair in the process* 

(vi) Machine Repair (Procedure KEACTIV^JE)| 'Xlils procedure 
changes the break down machine status to available and alter** 
native arrangements are deleted for furthiRr aaaigroent* 

(vii) System Position C-alciHation (Procedure SYS_JiAl.}i SJiis 
deals with the calculation of position of robots and' carta for the 
pinTPOse-of animation* fhis will be dealt in detail in the Sec, 4*4, 
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'ihis procedure creates another event o£ sane ty 2 :ie* 

(viii) Ci-raphics i>i3r)lay (Procedure Csi\__^ JIS; » rhis procedure 
deals v/ith the display ol' current staruo of the cystcn* Ihis 
v/i21 be dealt in detail in the Sec,^ 4,4 , ‘Ihia creates an 

event of aaae t|ipe, 

4,3*2 v.OI'i'?ROL mulMA 

This module forms the logic part of the cimilator# This 
section deals with the followinf^ iictlvities, ' 

(i) Selection of siKtcesslve operation, 

(II ) Machine selection, 

(iii) Parts selection for machine loadin;;;, 

of 

Civ) Parts selection for loac.ixii.': carts* 

(v) Control of movement of transportation devices* 
and (vi) Organisinfs the events* 

They are outlined below* 

(i) Operation Selection (Procedure SEuUjUPlO* rhis procedure 
uses the priorities described in Sec*3‘3-2 for operation selection 
lAenever choice is avdlable* 

(ii) Machine Selection (Procedure 3 EjIRJMC)i 'ihia procedure 
implements the logic outlined in See* 3'3'3 

(ill) Parts Selection for Machine Loading (Procedure liIPItlPB)i Ttiis 
procedure select the ;3obs using the priority rule assigned by the 
user, Thiia procedure provides a hierarchy of rules for the pur- 
pose in the event of a tie* 
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(iv) Part Salectiori for Cart Loadiag (Procedure . 

HIPnilEF, i-ilPRIw'i'E)! lliese procedures use rJiles ug apecified 
by the user for the purpose* But cart loading' at the 
buffer is by FCFd nde always* At intei’nediate btzffers parts 
are arrang,ed accordii'ig to priority and are selected in that 
order only. 

(v) ^bvement Control of Carts (Procedures rluVidk,, 

lluVEIDB)* '.Oiese procedures utilise the logic desczdbod in the 
dec* 3'3-4 to control the movement of carts in the system* 

(vi) Organising Events (Procedure li-iSEPl')* Thia pzpcediires 
rtaintains a list of events and the records in the chronological 
order* Always an* event at the head of the lisl; is the iransinent 
event* 

4,4 ANIMATION’ AND mPORT GENERATION* 

This subsystem consists of three modules* 

(i) Aniaatlon module, 

(ii) I%nitoring module, and 

(iii) Repoii; module. 

The objective of t,his systwa is to increase the under- 
standabiiity of the simulator. Especially gravihics animation 
capability is significant for the user to understv.nd the 
simulation process, A topology of system layout md dynamic 
movement of parts, carts, robots through the system are displayed 
on a graphics display terminal. On the other hand simulation 
TOnitorlng module allows the user to obtain intermediate simulation 
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Fig. 4 Flowchart for machine selection. 
















Fig. 5(b) Flowchart for job selection for transporta- Fig. 5(a) Flowchart for Job selection for machine loading 

tion at loading buffer and central buffer. arid transportation at work stations. 
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Fig. 6 Flowchart for control of movement of carts. 
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rerjUlts if c^esi^€?d« '416 r«»pDrt sodtile ir? r«*^oi"' 
providini;’ aie final siotilatlon results in the :"e 


’ ft 


o; 


±'G1'‘ 

tables* 


ae details abot’t these rrodules 


are outlined hc^l- 


'>*4 # 


h^k^l Aitiimatioti *-4odule * 

i’his modtsle can be considered in two secHoiis* 

(i) %»tm calculation section and 

(ii) Graphics display section. 


(.1) S-yatea Calcta.ation Section^ 


This sectii'n is Invoiced at frecn-iejit int€rv::ls hy occnrrance 
of event type systcr calculation (Sec* 3-4 /, '..hio section 
determines the position of carts ai:.id robots# "';-ho px‘oceduroa in 
this section arei 


(a) Cialculatioii of Cart Position (Procedytr© (Cid'H^LUCATIOIi) ^ This 
procedure determines the current position of the cart and also 
its direction of iMVement* making use of its previous position^ 
direction and present status# This procedure with the help’ of 
several other p.rocedures determines the current T:«sition, checks 
iliether It has exceeded the tmsk segment limit* if it has 
finds the direction and tJMCk segment on which it should be 
positioned (Procedures FUejriUCK, l«VBr._LFT, :iDViiK::-JiT etc.)* 

(fe) Calculation of *'k>bot Position (Proc«du«i riOlA^JL^HAl'ki)* This 
procedure finds the position of robot# direction of mO'Ve- 
mmt of the robot is determined eveiiy time its movem^it begins# 

is cfet^rmineol 

Current pogition of the robot with this infoiwaticsn end robot 
i^eed of movement# 



Qiaolav Section s 


This section displays the position of carts i®.d robots 
at Xrf''qu«nt intenrals# This section is invoked '. 7 j tiic 
occurrance of the event of type graphics display* >-.arts are 
represented as triangular blocks in the display* TMs gives 
clearly their direction of movement also* 

This section consists of the follo\fing procedures* 

(i) ‘‘topology Biaplay (Procedure STh^ X a i . . J s ihese 

p:roc©dure8 display the stations and track segmoats* Stations 
of different type are clearly marked v/ith different colours# 

(ii) Movement Display (Pitjcedui^xRTjJr-uiw# SYS^Druiu)* These 
procedures display# dyharaic movement of carts and robots* i'iobot 
at the rest position is shown as a mall rectnagular block and 
while moving it is .shown as enlarged and rotating about a base* 

4,4*2 Monitoring Modiile t 

This modude provides the user a facility to interrupt 
the model daring the simulation run and obtain interaediate 
results, This module also provides the user with a menu (see 

) and an option to modify the parameters, change schedul- 
ing rules etc* This section consists of procedures to display 
graphical outputs about system performance* Thiis tocludes 
number of parts of different types produced in l^e system 
(Procedure PARTjC-HARf ) , machine utilisation, autaber of operations 
complirted at each machine, (Procedure MCj:iiART), cartn utilisation 
(Procedure CARTJ^HAET), and robot utilisation (ProcMure ROBOT jDhART), 
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i-lie graphiC'-ii output also gives number of parts transoorted 
by each curt and number of parts transported by each robots. 

4.4.3 Report Module : 

ihis module prepares reports about the system performance. 
These reports can be obtained at users request and can also be 
obtained at the end of the simulation run. This consists of 
several procedures as given below, 

(i) Analysis (Procedure ANALYSIS)* This gives details such as 
total number of parts entering and leaving 'tiie system, number 
of parts of each type produced, machine utilisation, cart utili- 
sation and robot utilisation, 

(ii) Job Detadls (Procedure JOB^STATS)* This procedui'c gives 
such details about finished parts as ^ob no,, Job tjq)e, arrival 
time, due time, exit time, time spent, process time, waiting time 
and lateness* 

(iii) Detailed Output (Procedures CARTJDET, MC_J)ET etc.)* These 
procedures give details about individual components of the system. 
This includes the following* 

(a) For Part Types* production rate, average lateness, and number 
of parts produced* 

(b) For Madiinea * Production rate, number of operations com- 
pleted, block time, idle time and busy time. 

(c) For Carta* Busy time, waiting time, idle time and number of 
parts transported# 

(d) For Robots* Busy time, waiting ttoe, idle time and number of 
parts, transported* 



CHAPTER V 


SYSTE;-: VmmTiOE MiD output AliALYSIS 

The scheduling problem in FM3 is comple:^» owing to the 
number of vciriables affecting the system perforaance. Hence 
while considering the validation of a niociel, a number of 
factors are to be taken into account about the configuration 
an.:i operiition of f'HS, They are discussed in tlie follov/ing 
section, 

5,1 SYSTEM DESIffis 

The system considered for experimeritatic-r. has tTie follow- 
ing characteristics, 

(a) Si 2 e of I'Mdi The case studies of several e:dsting TEIi* 

installations world wide reported by Aimbom, lU , Fiomanini, S, , 
and Schraoll, P.* and Popplewell. E#i (1984) says that the 
minimum number of machining centres in an Is (1983) 

recommends that the best policy to investigate an Ffcid is to 
include about five machining centres* 

Hence, with this in view six machining cmtres will be 
included in the system under study* 

(b) Hunl»r of Part -CyptB- ** reported by Boer. C.R. and 
MelbanofX. M.A.. nost of the existing WSs in the w>rld are 

c<<pable of taking 3 to 10 part types. 

In the ayirten under study, six part types have beMi 

included. 



41 


O: O O A 

, y? 

(c) ^irrival i^atet Based on the coamnly used distribution 

of random arrivals, an exponential inte3>*arrivc2. time is 

selected. An average inter arrival time of 12 ai:>utes is 
chosen, 

(ci) .Due i)ate* for the assignment of due date to arriving 
Jobs l.i'A method (assigning due date baaed on total work 
content) as suggested by Conway (1967) has been adopted. 
>^cordirig to this method, 

*^i "* 

where, 

- due date for ^ob i 
Aj - arrival time of dofe i 
^1 * processing time of ^ob 1 

K •• parameter specified by aanageaeiib 

In the present study, parameter K has lx?en chosen as four. 

(e) Scheduling Periods ihe scheduliiig period chosen is 12 hrs. 
ihis period was chosen so as to allow the systeia to reachJt 
the steady state as far as possible. 

Cf) Materials I'iandlini.^ S^stfwa* Variations in the components 
of materials handling system have been ejcamiaed* However, the 
speed of cart movement has been kept constant aid la equal to 
4 EV^min. The speed of movement of robot Isa 20^/ciln, 

(g) Buffer Capacity I The capacity of input and output buffers 
has beent taken as equal and they are capable of storing four 
parts each. 
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(c) Arrival RateJ Based on the commonly used distribution 
of random arrivals, an exponential inter- arrival time is 
selected. An average inter arrival time of 12 mi 2 :iutes is 
chosen. 

(d) Due Date* For the assignment of due date to arriving- 
jobs IV/K method (assigning due date based on total work 
content) as suggested by Conway (1967) has been adopted. 

According to this method, 

Di » + KP^ 

where , 

- due date for job i 

- arrival time of job i 

- total processing time of job i 

K - parameter specified by management 

In the present study, parameter K has been chosen as four, 

(e) Schedialing Period: The scheduling period chosen is 12 hrs. 
This period was chosen so as to allow the system to reach. 

the steady state as far as possible. 

(f) Materials Handling System: Variations in the components 
of materials handling system have been examined. However, the 
speed of cart movement has been k^t constant and is equal to 
4 nv^min. The speed of movement of robot is__ 

(g) Buffer Capacity* The capacity of input and output buffers 
has beent taken as equal and they are capable of storing four 
parts each. 
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5,2 DESIGii 01*' EXPE:'J. K'fft 

'i'he experiments ciei!5onstr...te the effectiveness of 

scheciulinj;:;: strategies on the systen perfOTOai;cG under vcirious 
system confifurutions, 

The scheduling' rules outline in the section 3*3»1 have 
been used and the following strategies as i'-iven in the Table 1 
have been investigated. 

Table It Strategies for scheduling. 


Strategy 

Decision Points 


Loadin': M'iS 

1 

Shortest imminent 
operation time 

fiongest cuiiiilative 
waitiOt? tiac 

2 

(Fractional) Cont- 
est remainini’: 
process time 

Least ^ack time 

3 

Least slack time 

(AbS'jluto) ■ shortest 
rerauininc': process time 


.Longest cumulative 
waiting'*; time 

(Fractional) sJiortest 
remaining; -piocess time 

5 

aiortest teminent 
operation time 

Least slack time 


Experimental runs were conducted for the above scheduling 
strategies with variations in materials handline' system and 
storage system. These are outlined below. 

Case a) Variations in MHS and storage aystest vith altentetives 


for machine assignment. 
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E:jqpt* is 
Expt* ?E 

E3C|)t. 3* 
E3<|>t, 4* 


I‘!H3 consists of two carts and a robot* ctorace systeci 
does not have a central buffer. 

consists of three carts arid a robot. Storage-? 
system does not possess a central buffer. 

Mis consists of four carts only* dtor-ge systea 
does not have a centr..! buffer, 

MH3 consists of four cairts, Stor^ige systen includes a 


central buffer* 


Case b) In tliis set of esperiments, the a3.tGraatives for 
machine asaigniaent is removed* iiere the following 
system configurations were investigated. 

Expt* 5® MHd consists of four carts. Storage syster* does not 
include a central buffer, 

Expt, 6* f®3 consists of four carts, Stor^re system possesses 

a central buffer. 


On© more experiment was conducted with the same system 
configuration as in expt* 4, by changing the random number stream. 

■j-he results obtained from these eaeperiaeats have been 
tabulated and analysed in the next section* 


5,3 OUTPUT 

The system performance characteristics from the above 
ejQjerlraenfcs have been presaated in Tables 2 and 3« 

Table 2 lists average machine utilisation, average cart 
utilisation, and robot utilisation* 

Table 3 lists total number of finished jobs, average late- 
ness per job, and number of jobs that have ' been able to meet the 
due date as a fraction of the total number of finiifced jobs* 
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'i^e results indicate the iiiiluence oi cchcduliiiii-: 
stratef'ies ©n the systea performance* 2iie rosiuts sr-ow a 
■i.'ide ranf© of variation with different configurations of the 

Fm, 

dhie eacperlaents were terminated after ainutes of 
clod' time* It has been observed the system readied steady 
state in some cases* 

It is often insufficient to draw any conclusions about 
the effectiveness of scheduliHi:; strategies on the systes pei'- 
foxnaance vxith few runs* noirtsver, certain consents can be 
made about it, from the results obtained. 

It can be noted fr*on the expei'isaents 5 a:id 4 (Table 2) , 
that the presence of central buffer has resulttJd in a lesser 
average lateness per ^ob than when it is not present, lUso in 
this case utilisation of transportation devices Is hither, 

E3j|>eriiHents 5 and 6 demonstrate that tiie possibility of 
alternative asachinim- centre has resulted in a hif'her throughput 
of the system* 'This is quite unde :,*standable since machine 
essJiJiWienta are made in such cases at the required TOsent only, 
taking, toto account the possibility of earliest completion of 
that operation. This has resulted in higher average machine 
utilisation also (Table 2), 

Coming to the performance of the systen under varlationa 
in ftiS lEjupts, 1|2 and it c««i,b« observed that there is wide 
variation under different control strategies. For esas^le, 
itrategy 3 has resulted in higher throughput la experiment 1 and 
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experiment 3 where as stratery 1 has given a hiciier value of 
throUtThput for experiment 2 (7able 3)* 

Hence it is necessaiy to investigate the cysten under 
variation of different parameters thoroughly bei'ore drawing 
any signiflctmt conclusions* 

The ejqperimentai runs investigated abo'v’e d^ionstrate 
the complex liehaviour of an F!‘iS and the number cf parameters 
affecting it* In order to determine the most effcjctive 
st 3 »tegy for any pai'ticular configurt-tion of expt'‘riaents 
imy he conducted alonis similar lines and conclusions nay be 
drawn from the results obtained. 



CH>vPTER VI 




6*1 C0Ki.::L!)Sl0J'3s 

*^ir?3ialatlon is aii effective technique for studyiijg the 
behaviour of a complex system like an Fi-lS, liie sluuiation 
model can be used foi’ studying the offset ivenc 33 of different 
scheduling strategies for the performance of m: existing or 
proposed ras* 

Animation of material flow along with sioulation nonitoi'- 
in^;! system throuj'h Internet menu provities an effective way- to 
sinulate variations several parameters on an BI-'w* i-knimation 
helps in tetter uixierstanding of the a?ystera* 

Though the package incorporates only six scheduling rules, 
new ones could be added easily by the user for thepurpoaea of 
©valuation* the facility provided through menu system could be 
used to simulate i-liat if scenarios by the user, in the opera?* 
tional control of an FPfS* 

The model building by the user through this package is 
done interactively and 'the Input of data ^ / dtoes not require 
any knowledge of simulation* 

The package provides facility to geneiat© ' osehine 'break down, 
externally i«hich can be used to siaulat© future schedules in the 
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operational control of an FMS, 

6.2 POINTERS TO FURTffi..a DETj;,L0PI-1EliTS 

The results from escperia^nts designeci to vti-iidste the 
model. Indicate the complex behaviour of E'MS. Icneriments 
©ay be conducted more critically* along the ssejc; lines for 
steady state performance of the model. This nay lead to the 
determination of effective scheduling stratecieo and throiJ|;h 
more light on the capabilities end weaitnesses of the iHodel, 
leading to further refinement. 

Further development of the model cou2.d be in the 
following areas* 

(i) Consider machine breai: down as a parif.ietc:' of the model 
ix&lni: hnown di^istribiitioa of failures and MiBE. 

'(ii) The iaaterial.s handling ayste© of the model could be 
erhanced to include open loop conveyor ay stem* iC4's etc, 

(iii) iki interface can be developed for initial assignscaat of 
machines for each part types* depending on the operation tool 
required* tool availability and tool diatritatioii* This module 
may be used in conjunction with present padtoge to determine 
cptimal tool distributons* % incorporatine sudi a module it is 
possible to include such eiients as tool breahagef tool life 
completion etc, for simulation. 

Civ) % developing a module for coding ami clasalficution of 
parts* it is possible to evaluate the effectiveness of part-family 
concepts on the system performazice. 
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USER’S MANUAL 


This manual is intended to give users an introduction to 
the simulator developed in this work. This manual gives details 
about the util ities of the simulator in the follovang sections. 

i) Simulator Capabilities 

ii) Input to the Simulator 

i ;i i ) Simul ation Monitoring , and 
iv) Simulation Output. 

Thesf are described below. 

4 

I 



The simulator can accomodate the following components. 

(a) Work ‘station* There can be a maximum of twenty-five work stations. 

(b) and Unload in; ■ Stations: There has to be separate loading 
and unloading stations. In case they are located physically at the 
same location, they are to be given individual station numbers Isee 
below) for tlie successful working of the simulator. 

(c) Central Itiffer? Semi-finished parts are stored here during 
transit. Tliere c;»n be a maximum of two such locations. 

Each of these locations are referred to as stations in the 
simulator. These stations should be numbered in a clockwise or 
ant i- c 1, o c 1; w i s e direction. 

(d) Material luandling System* The consists of conveyor and robots. 

(d-l) Conveyor System* The conveyor system forms a closed loop 
and consists of horizontal and vertical straight line segmen 
Maximum number of such segments should be less than 20. 



sefments should be numbered in cloclcwise or anti-clocl:v.’ise 
direction. Each se^^ment is indicated by a pair of coordinates 
XI., Y1 and Xr;i'2. These are denoted like -this. 

XI,, Yl; denote coordinates nearer to XT ajces. 

XryY:'; denote coordinates farther from Tf £o:es. 

Load inf ano unloadiiif at any work station is possible on only one 
true]' serinerit. 

(d-c) i-iobot: 'Hie simulator can accomodate a maximum of ten 
robots in FMd. These robots can serve work stations only. A 
work.- station may served by more than one robot. Robot location 
is tkic f'fvint about which its arm rotates. 

(e) Farts: 'the siuiul ator can accomodate tv.renty part types. Each 
part tyue may not hove more than 15 operations. Care should be 
taken to avoid assif.nment of same work station for successive 
operat.ion.s, tiois may result in errors. 

ii) Inuut to the Si.m.ulator : ^ 

Input to the simulator may be given interactively using 
key board or may be read through input files. The user is to 
specify the file niime from which it is to be read. In case of 
interactive iiiout, file name to be given is Term . The user is 
su^p-ested I'or fiving. inputs in interactive mode. 

The input format in case of reading the data through a file 
is given below. 

(a) Model Cornrenents: 

Lumber of work stations, input buffer capacity, output 
buffer capacity 

Lumber of carts, cart- speed. 

[Details regarding central buffer, and robot is to be given 
interactively.] 



(b) Layout Construction: 


Xmox , imajc: Maxinuitn size of layout. 

(l>-l) 'i'raci, Drtu.ils; 

Kumbf't' of sc/'ments 

XI, Yl, Xy, Y2 

# • # • 

* # ♦ • 

( b” 2 ) St a t i o n l..o c a lion: 

X, Y, T1 

# W « 

0 0m 

i’l ; Tra<-); mambor by which the station is served. 

(c) Part hr't;,d'ls5 

'.rhc ot'emtions reo.uii’ed on a particular part, Type are to be 
numbered stai-tiny with the first operation to be performed as one. 
Average intei- arrival time.r'' ;- • as. 

humber' of par't tyuea' 

Opn 

Me Al Alti.'iC Mextopn Alt No of alt Altopn for Operation 1 

. . , . . . . for Operation 2 

• • * * » « • 

. . . , , . . for Operation Opn 

Pr 

where, 

Me: Station number of the required workstation. 

Al : Number of alternative work stations if present. 

Altinc: Alternative work stations (station no.) 
ivexto|<i'i : Subsequent operation number 

alt ; 3 if alternative present else 0 

Lo. of alt! Number of altemc-tives present 
(Presently this is limited to l) 



Altopn s Operation number of alternative opn. 

Fr I Probability that a part arrived is of this t^^pe. 

i i i ) Sj.raviJ at ,i in\ Koni tor.i nr s 

'i'hi;; section pives details about thefacilities provided in 
the simulator. The simulatoi' provides an interrupt menu so that 
the user may interrupt the simulator during simulation run and 
get the necessary information. This menu offers the following 
facilities. 

(a) i‘ser may chatipe the graphics display interval. This change 

occur.s f I'v an the time of ru’xt occurance of display event, 
cim 

(b) ric/(d>anpe the scheduling; strategies at the middle of simulation 
run. ‘i'lje charpu' done is recorded in the output file accordingly^ 

The user is provitied with a priority menu at this point giving 

the schedul inp, rules av.iil atd.e and as well is the current choices. 

(c) ir e; ;; t'Se intermediate results about the system perfor- 

mance' in th,(> form of graphs. This gives such details as number of 
parts of eacdi typf' lirociuced, machine utilisations, number of operations 
done, cart, robot utilisation, number of parts transported etc. 

(d) lie may ;i ncu-c-uu-.e the simulation time - clock time for which the 
slmul i.it ioii is to be run. 

(e) he may get det>‘iled performance report about the system 
performcince, 

(f) He can g,C‘nei'ate machine break down event to study the system 
performance under disturbance. 

(g) he can ciian/;e average inter arrival time to srudy suddeh 
rush or 2 ears period performance, 

iv ) Output of Simulator ; 

The output of simulation is recorded in an output file. 

User is required to create a file OUT for the purpose. 





